Energy is one of the most important sources in the world especially for developing countries. The subject study is conducted to predict the behaviour of particle due to errosion from the river through the achimedes screw runner and predict the impact of particle toward blade surface. For this reason, computational fluid dynamics (CFD) methods are used. The threedimensional flow of fluid is numerically analyzed using the Navier-Stokes equation with standard k-ε turbulence model. The reinverse design of archimedes screw blade was refered with the previous researcher. Flow prediction with numerical results such as velocity streamlines, flow pattern and pressure contour for flow of water entering the blade are discussed. This study shows that the prediction of particle impact occurs mostly on the entering surface blade and along the leading edge of the screw runner. Any modification on the design of the screw runner blade can be analyze for further study.
Introduction
The advantages of using Computational fluid dynamics, CFD is that the researcher can study more on complex problem that is impossible to be done experimentally and the cost to do the project is also decrease as the researcher just need to set-up the simulation. The simulation of the three dimensional distribution of solid particle in turbulent liquid flow with k-ε turbulence model have been used by Micale et al., [1] to study a simple settling velocity model and assume the particles are transported as a passive scalar. Micro hydro Power, MHP are one of the popular renewable energy that has been used nowadays. It may produce about 4 to100 kW of power. The turbines extract energy from the fluid and change it into energy such as mechanical energy output and usually in rotating form or shaft. The fluids from the outflow usually have energy loss, normally in pressure loss.
The efficiency of the Archimedes screws is depending on the geometry and losses [2] . The screw geometry for each blade can function as leakage losses and blade geometry. As the head difference between turns decrease, then the efficiency will increase. Another factor that decreases the efficiency is due to erosion. The dynamic action of sediment of flowing water can cause the sediment erosion to the MHP. The particle dynamics simulation indicates that many particles hit the vane pressure surface which the larger particles across over and impact the vane suction surface towards trailing edge. The main function of this study is to predict which part of the blade has the most particle impact. The fluid flow was analyzed by concern on conservation laws: conservation of mass, conservation of momentum and the equation of the particle impact.The conservation of mass concept states that the increasing rate of mass inside the element is equal to the mass outside the element across its faces. The integral equation for the conservation of mass is expressed as Eq.
(1).
The conservation of momentum is based on the Newton's second law, which states that the fluid particle acceleration is related to the sum forces acting on the fluid particle. The flow field is defined in three components (u,v and w) or in generally x,y and z components.The integral equation of momentum conservation for x,y and z direction are shown as Eq. (2-4), respectively. The particle move through the blade and follows the flow of the water. The forces that acts on the wall due to particles, have difference and own velocity. The particle usually have a sphere shape and mostly, the particle-particle interactions were neglected due to low particle concentrations experienced. The equation of motion of particle is expressed in Eq. (5) below.
Turbulence Model. The choice of numerical methods are important to predict the turbulent kinetic energy.The k-ε and RNG models is used due to convergence difficulties related to Reynolds stress model and have a little effect on the mean flow and turbulent kinetic energy [3] and well as the settling time. Previous researcher [4] states that the characteristics of the channel flow properties is observed in portable wind tunnel with rainfall simulation by using Reynolds-averaged Navier- Setup and Mesh Generation. The nodes is described to separate the solid domain from the liquid domain. The mesh in the flow domain is automatically generated for the three-dimensional simulations and the length of the blade is 5600 mm. Unstructured mesh with tetragonal elements is used with minimum edge length of 0.003 m.The mesh consists about 945048 linear tetrahedral elements with 179690 nodes. The mesh size influence the accuracy of the results and smaller meshing is selected.The size of meshing at the inlet boundary without the existent of blade is bigger, while the meshing size of the fluid that located at the wall with the existing of the blade is quite tiny.
Result and discussion
Screw runner blade design. The screw blade consists of 14 helical blade. The water is supplied to the inlet and will flow inside the casing of the blade by using a velocity of 2.47 m/s based on the study near Pahang river. The weight of the water will make the helical screw blade to rotate, but the blade is setup as a moving at steady condition. The increase of water will cause the blade to rotate faster. The Reynolds number is average of Re = 4.3971x10
5 . Figure 3 below shows the 3D modelling of the screw blade. Pressure Contour. The highest pressure contour occurred at the first and second blade while the minimum one is located at the bottom of the turbine.The change of magnitude and direction of the impacts velocities is due to the turbine surface blades. The pressure contour also show that the first blade that got hit by the flow of water will experience a greater impact compared to the other blade and the static pressure shows the location of the stagnation region on the leading edge and blade tip.The blade surface at the first blade have high pressure because the separation of the fluid is more exposed to the wall. In particular, it can be directly seen that the maximum pressure contour with 8.174e+2 Pa occurred at the first and second blade from inlet flow of turbine.Besides, the section that located close the wall fluid linked with the actual inflow of blade angle have more complex pattern and the leading edge separation bubble that affect the pressure contour which is radially outward. From the pressure contour, the prediction of particle impact can be recognised at the certain points. The particle impact will always occurred at the blade surfaces, at the blade tip and at the leading edge as shown in Figure 6 . 
Summary
A 3-dimensional flow of a water is numerically analyzed using the governing equation and k-ε turbulence model. The project was carried out to study the behaviour of the flow pattern inside the blade and predict the impact acted on the surface blade. The computational method was used to analyse a complex geometry and reduce the costs to conduct an experiment. The computational results of flow pattern predicted that the particle may have the highest impact at the helical blade suction surface compared with discharged surface. Prediction based on computational simulation and the experimental indicates a slender impact occurred more at the leading edge and pressure surface impact decrease towards the entire helical edge.
